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Storm Water Management Model (SWMM)
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SWMM
•Used throughout the world for planning, analysis, and design related to 
stormwater runoff, sewers, and other drainage systems.

SWMM 5.1.13

https://www.epa.gov/water-research/storm-
water-management-model-swmm

https://www.epa.gov/water-research/storm-water-management-model-swmm
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Storm Water Management Model (SWMM)

SWMM
•Thousands of studies worldwide have been carried out by using SWMM.
•21 versions of SWMM have been released since 1971.

Modelling Stormwater Pollutant Reduction with LID 
Scenarios

Espoo, Finland

Assessing the 
significance of 

evapotranspiration in 
green roof modeling

Portland, Oregon, 
USA

Runoff quantity 
response of three 

urban mountain parks
Chongqing, China

Partial statistics on using SWMM for research in 2018 
based on Google Scholar
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Oracle & Oracle Problem
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Oracle
•The mechanism for checking whether the program under test 
produces the expected output in different test cases. 

Oracle problem
•Determining the correct output for a given input.

Has oracle

Do not have 
oracle sine(x), cosine(x), log(x), ...



Oracle & Oracle Problem
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Oracles may not be available
•Find answers previously unknown

The impact of the modifications in nuclear 
weapon simulation

•Approximations involved in simulation models

rounded Parameter1=
1.23456789…

•Do not have complete historical data

Objective assessments



Metamorphic Testing
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Metamorphic testing
•A property-based software testing technique to overcome the 
oracle problem.

Metamorphic relation Checking
•Necessary properties of the software under test in relation to 
multiple inputs and their expected outputs.



Metamorphic Testing
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“TC” stands for “test case”, “SUT” stands for “software under test”, “MR” stands for 
“metamorphic relation”, solid arrows represent execution, and dotted arrows represent comparison.

Metamorphic relation sin(x) = sin(π-x) 
If two test cases―12 and (π-12)―are run one after the other as 
shown in the above figure, then their outputs shall be equivalent 
regardless of the implementation specifics.
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Where can we find metamorphic 

relations?

How useful are metamorphic relations & 
metamorphic testing?
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Inferring Metamorphic Relations
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User forum analysis
• Use the user forums as sources and explore the identification of 

metamorphic relations from them. 

25 years
1,818 contributors
15,919 posts



Metamorphic Output Relations
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Hierarchical Output Relations

Our hierarchy is rooted in the theory of measurement scales, where 
nominal groups data by names (e.g., “male” or “female”) and 
ordinal allows data to be ordered (e.g., “strongly agree” or “agree”). 



Nominal Metamorphic Relations Check Software 
Correctness
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Identify a nominal MRdate from the post

Testing results of MRdate where each pie 
chart is based on 480 test cases.

MRdate: Adjust the date format in the input data 
and check for errors at runtime.



Ordinal Metamorphic Relations Depict 
Behavioral Trend
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Identify an ordinal MRthread from the post

MRthread: Increase the number of threads and 
check for simulation speedup. 

T1 T2 T3 T4 T5 T6 T7 T8
D1 45.1 37.2 35.8 35.7 35.6 35.2 35.2 35.0
D2 233.7 218.3 215.9 215.7 215.1 215.1 215.4 215.8
D3 1020 850 741 669 660 643 640 635
D4 2996 2729 2665 2661 2624 2629 2627 2626
D5 8030 7725 7630 7630 7625 7625 7545 7535

Testing MRthread on five datasets (rows) with 
an increasing number of threads/columns 
(one to eight).
SWMM execution time (seconds) for 
completing 100 simulations.



Ordinal Metamorphic Relations Depict 
Behavioral Trend
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Identify an ordinal MRthread from the post

Plotting SWMM speeds in colored cells: 
The lighter the cell, the faster SWMM runs.

Regression analysis in MATLAB:
speed=(a×t4+b×t3+c×t2+d×t+e)×C
C=(size+# of nodes)×I/O reporting÷500,
a=7.57×10-4,  b=0.017,  c=0.129,  d=0.437, e=1.620. 



Functional Metamorphic Relations Assist in End-
User Debugging
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Build a functional MRweir

MRWeir: Apply different weir types at runtime 
and check for the quantitative prediction.



Functional Metamorphic Relations Assist in End-
User Debugging
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Build a functional MRweir

End-user debugging is 
difficult on those 
variables whose values 
are not directly visible. 

MRWeir: Apply different weir types at runtime 
and check for the quantitative prediction.

(a) Plotting V-NOTCH and ROADWAY on h; 
(b) Testing MRweir of V-NOTCH and 
ROADWAY on two SWMM output variables



Metamorphic Relation Results
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The forums where end users post questions and exchange concerns 
are valuable sources to discover metamorphic relations. 

MR EXPLANATION

MRweir
apply different weir types at runtime and 
check for the quantitative prediction

MRditch increase inflow and check for outflow

MRiteration
increase simulation iterations and check 
for reduced continuity error

MRdate
adjust the date format in the input data 
and check for errors at runtime

MRfile
change the format type of input data file 
and check for errors at runtime

MRflow
select different flow routing methods and 
check if the output varies
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Conclusion
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• Introduce the method of inferring metamorphic 
relations from Open SWMM forum.

• Demonstrate the usefulness of metamorphic relations 
identified from user’s perspective.

• Suggest a hierarchy of nominal, ordinal, and 
functional MRs. 



Questions

Thanks!
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